The dynamic climate of Greenland is characterized by extremes: very cold winter temperatures, an annual cycle and a strong South -North Greenland trend of solar radiation input, a dominance of snow and glacier cover, and relatively low rates of precipitation (except for the south eastern part of Greenland), all of which results from its elevation, topography and geographic position. There are essentially two seasons, one frozen and one thawed, with an abrupt transition between them. During the winter or frozen season, which lasts 6 -10 months of the year, unfrozen surface water is rare and a negative annual radiation balance is established. It is this negative radiation balance that creates the gradients that drive the Greenland and the Arctic climate (Hinzman et al. 2005) .
A warming climate will initiate and evolve a cascade of impacts that affect, for example, glaciological and hydrological processes, and at present the Arctic is experiencing such a system-wide response to an altered climatic state.
New extreme and seasonal surface climatic conditions occur and a range of processes influenced by the threshold and phase change at the freezing point are being altered. It appears that first-order impacts on the terrestrial regions of the Arctic, expected with a warming climate, will result from a longer thawing period combined with possible increases in precipitation (e.g. Anisimov & Fitzharris 2001; Hinzman et al. 2005; Mernild et al. 2007a,b) . The combined effect generally results in longer snow-free seasons and produces secondary impacts that could cause, for example, greater melt of glacier ice and snow, and a deeper active layer. At present, the Arctic hydrological cycle is shifting, and the effect of a warmer climate on the hydrological processes in the Arctic has already become apparent. Basins with a substantial glacier component consistently display an increasing trend in runoff, presumably due to increases in glacier melt. River basins without significant glaciers tend to show a decreasing runoff (Kane & Yang 2004) .
The aim of this study is to describe the climate and 
DEGREE DAY INDICES AND PARAMETER DEFINITIONS
The accumulated number of Thawing Degree Days (TDD) is the sum of positive mean daily air temperatures (Mernild et al. 2005 ) (TDD is also referred as PDD (Positive Degree Days)). TDD is related to the release of water from both the perennial snow pack and the exposed glacier ice surfaces after the annual snow cover has ablated. An increase in TDD will cause increased surface melt and catchment runoff for the Mittivakkat Catchment.
The elements of the water balance for a drainage basin depend on drainage basin characteristics and water balance processes. The yearly water balance simulation period goes from September through August of the following year; this is mainly due to the annual cycle of the Mittivakkat Glacier net mass balance (Knudsen & Hasholt 2004; Mernild et al. 2006c ). The Mittivakkat Glacier catchment water balance Equation (Equation (1)) is
where P is the precipitation input from snow, rain and possible condensation, ET is evaporation, SU is sublimation, R is runoff and dS is change in mass balance resulting from changes in glacier storage and snow pack storage. Storage also includes changes in supraglacial storage (lakes, pond, channels, etc.), englacial storage (ponds, water table, ice lenses and superimposed ice) and subglacial storage (cavities and lakes); these storage components were not simulated. Here h is the water balance discrepancy (error).
The error term should be 0 (or small) if the major components (P, ET, SU, R and dS) have been determined accurately. The total runoff is normally the most reliable component measured in the water balance if the stagedischarge relation is stable and valid. The runoff is an integrated response of the hydrological processes in the catchment and, unlike most other variables in the water balance equation, it is not affected by how representative the measuring station is (Killingtveit et al. 2003) . After noise was removed manually from the snow depth data (Campbell SR50), the snow-depth sounding observations were partitioned into liquid (rain) precipitation and solid (snow) precipitation at different air temperatures (Førland & Hanssen-Bauer 2003) . For air temperatures below 21.58C, sounding observations represent solid precipitation in 100% of the events, and for temperatures above 3.58C precipitation is liquid for 100% of the events. In between (2 1.58C to 3.58C) the fraction of snow and rain (mixed precipitation) is calculated by linear interpolation (Førland & Hanssen-Bauer 2003) . Air temperature at the nunatak was used to determine whether precipitation in solid, mixed or liquid occurred. The air temperature at the nunatak (at the higher elevation) is more representative for the air temperature where snow flakes form. Measured increases in snow depth at relative humidity ,80% and at wind speeds . 10 m s 21 were removed to distinguish between the situations of real snow accumulation based on precipitation events and blowing snow redistribution (Mernild et al. 2008a; 2007a,b) . The snow-depth increases were adjusted using a temperature-dependent snow density (Brown et al. 2003) and an hourly snow pack settling rate for estimating the snow depth (Anderson 1976 depth, density and ablation from snow and glacier ice were measured using cross-glacier stake lines spaced approximately 500 m apart. The distance between the stakes on each line was 200-250 m apart (Knudsen & Hasholt 2004 ).
DATA AVAILABILITY AND METHODS
The assumed accuracy of the observed winter and summer mass balances are each within^15%; however, larger errors might occur, especially in parts of the glacier with many crevasses (Knudsen & Hasholt 2004) .
SnowModel is a spatially distributed snow-pack evolution modeling system (Liston & Elder 2006a) .
The model simulates accumulation and loss from snow 1999), Wyoming (Hiemstra et al. 2002 (Hiemstra et al. , 2006 , Idaho (Prasad et al. 2001 ) and Arctic Alaska (Liston et al. , 2007 Liston & Sturm 1998 , 2002 ; Norway, Svalbard and central Norway (Bruland et al. 2004) ,
Greenland (Hasholt et al. 2003; Mernild et al. 2006b,c; 2007b; and near-coastal Antarctica (Liston et al. , 2000 . In the Greenland studies, SnowModel produced maximum discrepancies of 8% in SWE depth (Mernild et al. 2006b,c) . 
RESULTS AND DISCUSSION

Overall climatic conditions
The climate in the Ammassalik area is affected by the GrIS and the East Greenland Polar Sea Current which has a surface temperature close to 08C throughout the year and which transports drift ice most of the year. Winters are moderately cold with only short periods of above-freezing temperatures. In coastal areas, summers are very cool with moist and foggy conditions, whereas slightly warmer and Ocean (Hansen et al. 2008) .
Meteorological conditions 1993 -2005
Solar radiation, albedo and snow cover A similar air temperature inversion trend is described by Inland, away from the near-coastal areas, the thawing trend is equal for the two studied catchments in East Greenland, (Table 3) .
Wind direction, wind speed and relatively humidity
Local geographical factors such as distance from the Arctic Ocean and the GrIS, orography and topography (altitude and relief) significantly influence wind direction and speed (Table 3) .
Precipitation
The amount of precipitation over any area depends on the moisture content of the air, the pattern of weather systems affecting the area and the topography, altitude and character of the underlying surface (Hansen et al. 2008 ). Glacier catchment (Figures 6(a, b) , Table 3 ). At Station
Tasiilaq the uncorrected mean annual precipitation is 894 mm w.eq. yr 21 (1999 -2004) . The total annual adjusted SWE at Station Nunatak is 1545 mm w.eq. yr
21
( [1999] [2000] [2001] [2002] [2003] [2004] , calculated after applying a wind speed and winter glacier mass balance correction due to the ( Figure 6(c) ). This is due to the higher frequency of clouds and or thin fog in the coastal area or perhaps because the anticipated liquid precipitation actually falls as snow at higher altitudes .
Glacier mass balance and runoff conditions 1993 -2004
The Mittivakkat Glacier mass balance observations are shown in Table 4 The average observed winter, summer and glacier net mass balance are, respectively, 1270^170, 2 1800^400 and 2 590^510 mm w.eq. yr
21
, showing a negative net mass balance (Table 4) . 
The water balance 1995 -2004
Throughout the year, different surface processes like snow accumulation, evaporation and sublimation, snow and ice melt, and changes in storage affect the catchment highlatitude water balance (Equation (1)). Table 6 presents the water balance components: P, ET þ SU, R, and dS for the Mittivakkat Glacier and the Mittivakkat Glacier catchment.
The glacier covers 78% of the Mittivakkat catchment area. Table 6 shows annual precipitation values ranging from -1918 1919 -1935 1936 -1955 1956-1977 1978 -2004 1898 -2004 Air temperature change A warming climate, as just described, initiates and produces a cascade of impacts that affect glaciological and hydrological processes. Above 300 m a.s.l. the changes were smaller and at higher levels an increase was even observed locally (Knudsen & Hasholt 2004 
CONCLUSIONS
